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ABSTRACT 


Approximately 40 percent of the Indian agricultural 
production is from dryland areas which occupy about 75 per 
ScUlrOmpsLiceeGtalmatablesland ineindia. elhevavailabiiity of 
moisture is acute during the rabi (winter) season. Crop 
establishment is difficult due to dry surface soil conditions 
often to a depth of 4.0 to 6.0 inches. The germination of the 
seeds is greatly improved by forming furrows to push aside the 
dry soil and planting in the bottom of the furrow where there 
is moisture. 

Reneavyeoutyashoe Grillmor soil lifting opener of 
Similar kind, which can open furrows up to @e depth of 6.0 inches, 
has the critical problem of high energy requirement coupled 
with variations in furrow depth. The latter problem gives rise 
to irregular emergence of seedlings. that ultimately results in 
wide differences in crop yield within a row as well as between 
the adjacent rows. On the other hand, a disk opener that goes 
to a depth of 6.0 inches makes the furrow width too large. 

A triple disk unit followed by a rotor was mechanically 
designed to be used as an Speen re earal furrow-opener device in 
dbylandsagricultures in india. “fhe disks open a furrow oF 4.5 
inch depth er removingethe stcpsdry sori...) snes rotors LOrms ay.lU" 
SHapedmeeurcownwoOb 2.5 inch decth beyond the depth of the furrow 
opened by the disks. The unit was tested in silt loam soil of 


Gf the Ellerslie farm of the University of Alberta. Percentage 
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of seedling emergence of wheat and rapeseed were taken into 
account for determining the performance of the soil-opener 
device and selecting the optimum design parameters i.e., the 
width of the rotor blade and the height at which the two disks 
in the double disks unite,at the front. The energy requirement 


of the opener was determined. 
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CHAPTER I 
INTRODUCTION 


Dry land agriculture is of considerable importance 
in India. About 75 per Gent Of einciras total cultivated land 
is rain fed (21). India is a monsoonal country, the maximum 
rainfall generally comes during its monsoon season, preceded 
by a dry summer and followed by a comparatively drier winter. 
This phenomenon is particularly observed in states like Madhya 
Pradesh, Maharastra, Rajasthan, Haryana, Andhra Pradesh and 
Danienadus{l2)%. ysoil in most of these states is alluvial or 
sandy loam in texturé (21) and light in density. The average 
annual rainfall is 15 inches and ranges approximately from 8 
to 25 inches. These states, therefore, grow khariff crops 
(summer crops) between the last week of June and the last 
week of September. The rabi crops (winter crops) are grown 
between October and May, with the moisture left in the soil 
atter the harvest of the previous Khariff crops(j2)- The 
problem associated with the raising of rabi crops is that by 
the time the seedling of the rabi crop is to start, the 
surface soil becomes dry to a depth aie 3 to 6 inches depending 
upon the moisture stored from the khariff season(12). The 
hydwodraph i( Pig.) shows the, rapiditallllol theiwater stable 
between August and October. Although rainfall is expected 
during the last week of October, it is very much variable and 


unpredictable, and inviting the problem of late seeding which 
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results in a considerable decrease in grain yield. 
"A solutton=torzthis vital problem of rabi cropping 
is the development of a seed drill that will remove the top 
dry soil and will place the seed in the moist soil, simultan- 
eously providing an ideal seed environment for uniform and 
rapid plant emergence. In fact, crop yields are influenced 
not only by final stands but by the uniformity and rapidity 
of emergence (22). In this context the seed furrow opener 
or forming device is definitely the most vital component of 
the planter, since configuration of the furrow formed by the 
opener determines the final position of seed in the soil (22). 
Under field conditions there are several principal factors 
that define the operating characteristics of the furrow opener. 
These “are 
1. The degree of precision which can be exercised 
over depth of penetration in the soil by the opener. 
Zee ineraotliLty OL tne Lurrow Opener to form a 
clearly defined uniform seed furrow under a wide range of soil 
types and moisture conditions and wide range of depth of 
operation in the soil. 
3. Ihe trash control and cutting ability OL” the opener 
blade, when the opener is used for direct drilling operation. 
4. Positive seed insertion with firm seed-soil contact. 
5. Wear of soil working elements not interfering with 


seed deposition or increased load requirement. 
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The conventional furrow openers generally consist of: 

l. Fixed types 

2.*®@Rotary 4types 
Hoe, stub runner and curved runner come under the category 
of fixed types. Double disks, single disks, and double disks 
with a coulter at the front come under the category of rotating 
types. The rotating types may be powered to rotate (2) or 
Simply rotate by friction with soil. The runners are 
Suitable when the desired depth of seed placement is from 
shallow to medium, but unsuitable for conditions, where the 
depth of seed placement can’ be extended up to 6 inches. 
Runners are unsuitable due to the fact that the moist soil 
is overlaid by dry tough soil which must be pushed aside which 
results in high friction and draft requirement. Furthermore 
when these types of openers are used in the above soil conditions, 
the volume of soil removed varies, thereby causing variations 
not only in the original depth but in covering depth. The 
same problem, though to a smaller extent, can be envisaged 
in the case of disks which rotate by friction with the soil. In 
general, any soil opener which depends upon wedging soil 
aside and is expected to go to a greater depth will produce 
variable openings due to changes in amount of friction caused 
by soil texture and moisture (11). On the other hand, disks 
-which are rotary powered require higher power for their 
operation and cause excessive soil pulverisation which is 


indes1 rable for. a-gco0d, ,oot. bed.(15). Moreover, tne 
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Single disk furrow opener cannot be used for the specified 
typical Indian dry land seeding operation. The reasons are 
(lyathe dry seollswill not be pushed asidesfrom .the..top,« (2) 

a clean furrow will not be formed, and (3) the height of soil 
OVeTa ie -ceduwin labesmore than. 2.0.inches...Thiss,in turn will 
necessitate higher energy requirement on the part of the seedling 
to emerge and ultimately the germinated seedling may not be. able 
to._come to.the.top.. This..problem which is.associated with a 
Single disk opener can be overcome using a double disk opener; 
but the double disk will have a much larger draft at a depth 

of 6 inches, .compared, fo axssingle disk.opener...Gordon, (17) 
found out that using disks Ofe2G. 02 inch and 20.0 inch diameter, 
ehevdrasiece evert ical reaction JVilendsside thrust. LS) uide- 
creased when disks of larger diameter were used. The soil 

type in this experiment was Davidson loam, the depth of cut 
Varied trom 4.6.incheseto J7..0,inches and thestilt,angle.zof, the 
disks were 0°. Hence due to reduced upward thrust, the larger 
disks tend to penetrate better. A double disk opener with 

disks of larger diameter and of single concavity, is also un- 
suitable for dryland seeding operation. Even providing minimum 
disk angle and zero tilt angle the Pees sectional area of 

the furrow becomes too large, distance between the midpoints 

of two consecutive furrow sections becomes large and there is 
poor seed concentration in the midzone. In addition, to open a 


£umrow,O£L.6.0 inch depth, disks.<of less than 24.0 inch diameter 
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should not be used (16). The alternative is to open a furrow 
of 4.5 inch depth using disks of 16.0 to 18.0 inch diameter and 
to open an additional furrow of 1.5 inch depth beyond4.5 inches 
by some other furrow opening device. Disks with less than 16 
inches in diameter should not be used, because the smaller 
the diameterthe larger is the draft requirement and the poorer 
is the penetration. The general problem associated with the 
disk openers is that the V shaped furrow section does not 
provide optimum seed soil contact when the shape of the seed 
is irregular or the size of the seed is large. 

Therefore the objectives of this project were: 

iho Aa: peso the main parts of a furrow opener device 
and to fabricate the opener unit that will open up a furrow of 
configuration as shown in Figure 2 and to meet the requirements 
of an ideal furrow opener as specified earlier. 

2. To test the opener so as to select the optimum 
parameters involved in the design. 

For this purpose a furrow opener with the following 
components was designed (Figure 3 and 4). 

Ee A smoothfrunning plain coulter of lyeineh diameter, 
at the frontof the opener assembly. 

2. A double disk opener, each disk of 18 inch diameter 
and 23.3 inch pitch circle radius with a disk angle of 239, 
running behind the coulter and capable of opening a furrow to 
a depth range of 2 inches to 4.5 inches depending upon the thick- 
ness of dry soil. The double disk opener was provided with an 


adjustable depth control unit. 
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3. A rotor capable of opening a U shaped furrow of 
1.5 inch depth, below the depth of soil opened by the double 
Cosmin bow ChemrOcat OnmiS Opposite to the direction of 
movement of disks. 
4. A seed spout that is extended directly into the 
furrow behind the theoretical circle described by the rotor. 
5. The covering device which consists of: 
(a) Two covering blades set wide at the front and 
Nacrow at the back in the horizontal direction 
depositing the moist soil into the trench. 
(b) An inverted 'v' shaped packing wheel running 
behind the soil covering blades. 
The selected design parameters were: 
1. Coulter, its presence or absence in the machine. 
2 eeWLocChe Oust nemo COM bDimce: 
3. Height at which the two disks unite in a double 


diskeunit. 
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(3) Comprssion Spring 
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GB) Rotor 
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@) Main Axle 


(5) Seed Spout 
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C) Coulter and Housing Soil Covering Blades 
Q) Double Disk Unit Seed Spout 
@) Walking Wheel Main Axle 
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CHAR LERasL T 
REVIEW OF LITERATURE 


The review of literature that follows, relates to 
the research conducted on rotary tillers and furrow opener 
development and is divided into three parts. 

is ‘Definition of the scientific terms frequently 
used. 

ere HistOayace furrow opener development. 


3. Literature review on rotary tillers. 


Apparent clearance angle. The apparent clearance 
angle 'é' shown in Figure 5 is the angle between the back 
surface of the sharpened edge and the tangent to the rotor 


circumierence® (19). 


HePeCUlVes CULtMngwangle.. Blbejersectave Cureing any fe 
' 


y' shown in Figure 5 is the angle between the front surface 


Gh themolade, anc’ the atrocholid “surface Of windisturbed, sori, (19). 


Effective clearance angle. Effective clearance angle 
'6é' shown in Figure 5 is the angle between the back surface 


of the blade (sharpened surface) and the trochoid (19). 


ibak 
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Disk angle. Disk angle 'a' shown in Figure 6 is 
defined as the angle, viewed from the top of the disk facing 
the direction of travel, between the plane of the disk edge 


ang ethnemotreeccion of travel (2)!, 


Draft. Draft is defined as the horizontal component 


OfepU me nmeneCrdireChLlOnmOLemoOtLlLOny) (2)r. 


Intersection angle. Intersection angle. Agé' shown in 
Figure 5 is the angle between the tangent to the rotor 


circumference and the trochoid at the point of intersect (19). 


Specific soil resistance. The specific soil resistance 
'K' is defined as the ratio of normal force 'N,' on the wedge 


of the cutter and the area 'Fi' of the wedge of the cutter (16). 


ie Come ema tema PC mao weShiOwns Paar guULeCs/ 
is defined as the angle viewed from the side of the disk, 


between the plane of the disk edge and vertical line (2). 


Jeol clOLyeOLeuLllows@pene maDevelopment 


The existing furrow openers are capable of opening 
furrows from medium to shallow deotne There are some hoe and 
shovel types which with the addition of extra weight may be 
used for deep placement of seed (2), but additional problems 
consisting of high draft requirement and large furrow width 


would be involved. 
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Modification of the existing furrow openers for dry 
land seeding operation would therefore be necessary. The 
modified furrow opener units should go to a depth of 6 inches 
and should SOlve the aforesaid problems. Hence, it is es- 
sential at this stage to -be familiar with the types of openers 
associated with conventional drilling operation. The two main 
types are: 

Perr rxeds types. 

2eeROcating types. 
2e2.l “Fixedmlypes 

The position of these openers stays fixed relative to 


the seed drill. They consist of (a) runners, (b) shovels. 
RUNS imnODehieis 


(i) Curved Runner: The opener has a curved blade 
and no moving parts. It is» usually used with cotton and corn 
seed-drills or planters 2a 

Cis) Merl vaeCunveds Runner: = [hes full vecurvedsrunner 
as shown in Firgure 8, iS similar to a curved runner excepting 
Enate tiemtl pron che  tOrmer 1Semore curved than =that+of tne 
latter. The upward curved tip rides over the trash, thus 
planting the seed rather close to the surface (33). 

(iii) Stub Runner: The stub runner shown in Figure 
9 has a Sharper point than the other two curved runners. Hence, 


it) plows theough the trash rather than riding over the trash. 
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Single disk 


Figure 10. Hoe opener. Figure ll. 
; Opener. 





Eicgurewl2. Wouble disk 
opener 


16 





This type is best for a rough bed or for one filled with quack 


Grasse (so) 


Shovel Opener or Hoe Opener 


The hoe opener shown in Figure 10 consists of a 
single or double pointed hoe, fastened to a solid cultivating 
standard. A boot is welded to the rear of the standard to 
receive the spout end of the seed tube. A spring or pin 
trip is usually provided so that when the hoe strikes an 
obstruction, no damage is done to the opener blade. The 
disadvantage associated with the opener is that it gives 
trouble by clogging up when used in trashy ground (2). Clogging 
may occur due to the geometry of the individual opener or the 
arrangement of openers in a drill. 

C22 Rotating, Eyoes 

They consist of disk openers which are of different 
types: 

(i) Single Disk Openers: The single disk opener 
shown in Figure 11 consists of one curved disk slightly dished, 
secure yetastened }torche hootwand set fupsetoirunsatta smal angle. 
The seeds are dropped from the boot on the convex side ata 
point below and to the rear of the centre. A toe scraper is used 
on the convex side and a 'T' scraper on the concave side to keep 
the disk clean. This type of opener with adequate diameter gives 
good penetration, cuts trash well and does not easily clog (2). 


(ii) Double Disk Opener: This type of opener shown 
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in Figure 12 is composed of two disks, having very little dish 
fcUupvatuce mon none ateally: set facing Gach other at a slight 
angle so as to form a bevel cutting edge where they penetrate 
in the soil. In this position the disks open a clean furrow 
and leave a small ridge in the centre, so that when the seeds 
are deposited in the furrow, there is a tendency to make a 
qdistinctsrow. 
2e250) COmerrnatron ofsRotating and Fixed =Types 

In addition to the above types of Pie ood teres 
there have been combinations of (1) disk openers and runner 
or hoe openers, (2) disk openers with additional attachments, 
(S)etriplevdisk openers. Based on different combinations, 
numerous research projects have been carried out in different 


parts of the world. The projects are discussed below. 
Lister Opener 


The lister opener uses a disk but is provided with 
alshisenrere a. attachments. The opener can form deep trenches 
and ridges in the soil so that snow and moisture can be 
caught and the soil can be prevented from blowing by wind. 
The spacing of the openers is wider than that used for the 
tequila Glraunpari ll and »ranges from 12 inches to 16 inches 
between openers (33). 

In 1972, at Plant Protection Limited, Fernherst, 
England, and experiment (22) was carried out using a special 


Pest sringewlthepLlovision Lon Using (1) vaeknite and disk Opener, 
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and (2) a double disk opener with coulter in the front i.e., 
triple disk opener. 

The knife and disk opener had a knife blade at an 
angle tosasplain disk or coulter running in the front. 

The triple disk opener consisted of a double disk 
arrangement in which the disks had no dish at all and there 
was a flat coulter in the front of the double disk arrangement. 

A comparison was made between the above two units. 
The results are shown through Figures l3a, b, and c. The 
analysis showed that the triple disk system was nearer to 
specification than the other Unit. tOoneexample, the load 
required to hold the coulter at a desired depth increased in 
direct proportions to depth for both the units, but the triple 
disk showed less load requirement above 2.5 inches to 3 inches 
pOthmrOrmUCnemrLacCOLBDULI mand tore the COuLter. loading... FoOr any 
EraActoOn pull, the tcouldter doad ase ucasaeat Of thentriplesdisk, 
WASMLOGMLeSSMmtLianetiatlOr the seknite and)disk Peateal Iedeptase 
The triple disk also possessed a further advantage in that a 


smooth running coulter worked better in trashy conditions. 


John Deere has developed a rotary disk lister (26) 


with hard ground opener which is a three way combination. 
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Figure, 13..Comparison between Triple Disk,and Knife and 
Disk Openers. 


d = depth of furrow. 
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1. A shovel type hard ground opener running at the 
PeCOnt. 

2. Two curved opener disks following the shovel. 

3. A seed furrow opener in between the disks, a 
little behind the hypothetical line joining the centres of 
the disks. 

The covering device consisted of two curved disks 
with wider spacing at the front and narrower spacing behind. 

Smith et.al. (30), showed that a power driven oscil- 
lating tool consisting of a disk mounted at an angle on a 
rotating shaft opens a clean uniform furrow in sod with only 
moderate power requirement. The action of this tool was such 
that the variations in soil conditions would have little effect. 
Using this principle, Futral and Verma (15) recently designed 
a powered furrow opener for precise depths. A schematic 
diagram of the opener is shown in einere l4a. The opener 
CouctsctsmOlmomDlaimesteeiudisks each of O725einch nh 
thickness, 5 inches in diameter and the disks are fastened 
COmcmS hatte he tCeCCENmmademnurom Oso nchexes) anen whoterol led 
steel and milled to a wedge are bolted to each disk. The 
centre disk is mounted at an angle of 36° 34" with) respect to 
the shaft and the teeth on this disk extend 1.25 inches beyond 
its circumference. The outer disks are mounted at an angle of 
fe 54' with the teeth extending 0.75 inch beyond their cir- 


cumferences. When the shaft rotates a T shaped furrow is formed 
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Figure 14b. Sequence Of Planting Operations. 
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asesnown inerigure J4b.))Thestop.of © 1S..4. inch wide, 0.5 
anche aecepymtne verticalabody-of thesTlis .0¢75, inch wide with 
Zoe inehuceep belowethesoriginal soitesurftace,. Justin. front 
of the opener two rubber tired wheels are mounted for depth 
control. Preliminary test results showed that no difficulty 
was experienced in maintaining the depth of furrows on compact 
surfaces, but the two wheels with 3 inch tires sank into loose 
soil producing very erratic depth control. Therefore a roller 
Obpl4ginch dlametersand) L8,inchiwidth was .put.in front of the 
opener in place of the disks and this worked satisfactorily 

on loose soil. Final test results revealed that the oscil- 
lating rotary seed esperar opener produced superior results 
compared to a conventional double disk unit planter. The 
power requirements for this opener were within reasonable 
IitteSeomrhne abiglity of this, type of, unit. (with= the use of 

the disks of larger diameter), to open a furrow of 6 inch 
depth under the specified Indian soil conditions has not been 
studied. 

In 1973 Dyck and Kataria (12) developed a dryland 
ridger seeder at the Agricultural Research Station, Swift 
Gurrenéy, Canada; swhaich isnclaimed to be suitablenboth for 
khariff (summer) and rabi (winter) cropping at Haryana. [In this 
machine three Acme potato hillers (ridgers) form the ridging 
assembly. The wings of the potato hillers are adjustable to 
facilitate the formation of ridges and furrows of various 


demensions. The shape of the furrow formed can be varied by 
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changing the angle at which the ridger makes contact with soil. 
When the angle of approach to’ the soil surface is small, a 
nicely rounded furrow with a flat bottom is formed. When the 
angle of approach is increased a V shaped furrow is formed, 
At the bottom of this large V shaped furrow a smaller furrow 
is formed by the nose of the ridger. The hoe type furrow 
openers used for seed placement, are behind the fertilizer 
Placement device. The depth of seeding at the bottom of the 
furrow can be adjusted separately from the depth of furrows 
and ridges by adjusting the position of the hoe opener relative 
to the tool bore and ridger assembly. The depth of furrows 
and ridges is regulated by adjusting the gauge wheel at each 
end. The seeder was tested on clayloam soil of the south 

farm at the Research Station, when the surface soil was dry to 
a depth of 4 inches. Winter wheat was seeded at three furrow 
depths of 3 inches, 4 inches and 5 inches in the last week of 
July. The seed was placed 1 inch below the furrow depth and 
the fertilizer 1 inch below the seed. Germination percentages 
after one week of seeding for winter wheat were 55.2 per cent, 
S2i-oepercent. and 50 pencentnfonmthesturrow depths’ of 3.inches, 
4 inches and 5 inches respectively. This no doubt is a poor 
result as stated by the researchers. No test was conducted on 
the draft requirement of the ridger opener. As far as the 
performance is concerned no comparison was made between this 
ridger opener and any other conventional opener unit. 
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So far, no work has been done, where a rotary tiller 
follows the triple disk opener, for the purpose of opening a 
furrow of greater depth. Hendrick and Gill (19) examined the 
effects of three design parameters of rotary tillers from the 
research results of a number of sources. These three design 
parameters are (1) direction of rotation, (2) depth of opera- 
tion and (3) ratio of rotor peripheral and machine forward 
velocities. These parameters have a marked influence on all 
phases of tiller operations from the power required to the 
Benal SOM mCcOndltLOns.. 
Zoe DULecoron! Obs kKOotation 

According 5 Hendrick and Gill (19) reverse rotation 
causes the tiller blade to operate towards an unconfined area 
(the soil surface) and more of the soil is expected to fail 
in tension than in the case of forward rotation. The re- 
searchers vary in their views about this logic. The results 
of previous researchers, as cited by Grinchuk and Matyashin 
(18), showed in general, reverse rotation decreased the force 
OpuscuctIngubyel.o) times, gave better depth stability and 
reduced breakdown of tools in stony soils. Among the dis- 
advantages associated with reverse rotation were a greater 
energy requirement when the depth of operation 'h' was less than 
the rotor radius 'R' and the need to increase the rotary velo- 
city to prevent throwing soil ahead of the tiller. 

In a second study Grinchuk and Matyashin (18) reported 


the results of N.B. Bok, who found that reverse rotation required 
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12 to 16 percent less power than forward rotation (no mention 
OLgdrantetorce) (Here a depth of operation was less than 0.8 R.) 

Matsuo (25) found that the power requirements were 
less for reverse rotation with the same pitch of cut, and 
that the reduction in power became larger as the soil strength 
decreased. 

The test results of Furlong (14) conducted in 1956 are 
displayed in Figure 15 which presents a graph showing the 
rotor and drawbar power requirements for both directions of 
POebation-ewuGie) =n. 45hron each blade Shape, In all cases, 
except blade number et reverse rotation required more motor 
power (blade No. 2 is a pick blade; the rest are some form of 
ne ole eOr TOEnerLACcOnVentionall billades) |} According to Hendrick 
and Gill (19) further testsrevealed that Furlong's observations 
were related to blade shape, rather than to the direction of 
rotation. 

Hendrick and Gill (19) report that when h<R, reverse 
rotation throws forward a great deal of soil (some of which 
Gan be controlledsby shield design). Furlong: (1956) presents 
some information on the size of clods resulting from both the 
ECuanyedrrections. ~ Furlong pone tides thatecie clodVsize is 
generally larger for reverse rotation. Whether large or 
small clods are desirable depends on the intended use of soil. 
RCeOLOtMomLOmhenaGicke and Gili. (lo) saLbge ClOocS edhe mole 
desirablemagrer- tall, plowing tor the coniLol Of water. and 


wind erosion. 
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Blade 1, 3, and 4 are L-shaped blades; 
2eUSeasDickepladess 5 edndmosdne s.Crsiaped 
blades. (400 fpm peripheral speed, 4 in. 
deep, 4 in. length of cut 724 Li) enw cle) 
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Grinchuk and Matyashin (18) pointed out that there 
appear to be two schools of thought regarding the relation of 
rotary tiller radius to the energy requirement. One group 
contends thaw, at constant, velocity and tilling depth, the 
specific energy requirement is decreased as the radius of the 
rotor is increased because the thickness of each slice cut off 
is decreased. This type of argument was presented during a 
Guscucs Ono mebernacktarssss) =e Characterlzarion Of forces . 

A second group uses the argument that the expenditure 
of tilling energy is proportional to the length of cutting 
path, thus Reena sing the tiller radius would result ina 
decrease in specific power requirement (power per unit volume 
COiesOmiett led )s | 

Accordang to Hendrirek and Gill (19) ancreasing tillage 
depth increases total power requirement, but decreases the 
specific power requirement in general. The optimum rotor dia- 
meter-to-depth ratio appear to be in the range of 1.1 to 1.4, 
where the minimum specific energy requirement occurs. 

2.3.3 Ratio of Peripheral and Forward Velocities 

The velocity parameter most frequently used, both as 
a design and use parameter, is the dimensionless ratio of the 
rotor peripheral velocity to the machine forward velocity 


and is given by: 
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Where R = Rotor radius 


=: 
I 


Rotational velocity of rotor 
V = Machine forward velocity 

There are, therefore, three ways (and combinations 
thereof) in which )A can be varied: change the rotor radius 
(R), which is seldom done; change the rotor velocity (W), 
which is common; and change the machine-forward-velocity (V), 
which is common. “Hendrick and Gill (19) analysed the results 
of various research workers and reported that: (a) 
decreasing A by increasing forward speed results in an increase 
in the power requirement, but a reduction in specific power 
(provided the geometry of the soil-tool system is not varied 
too greatly); (b) decreasing A by decreasing the rotary velocity 
decreases the power requirement and specific power (again 
this occurs with the Boncdion that the geometry of the soil 
tool system bears a favourable relationship to the power 
requirement;/(c) At a value of 4% = 2.4, the power required 


is minimum (irrespective of blade shape). 


Feo ee blade moa pe 
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to Adams and Furlong (1) L shaped blades are better than hook- 
shaped or pick-type (pointed) blades in trashy conditions and 
are more effective in killing weeds. The former types of blades do not 


excessively pulverize the soil which is a desirable feature 
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in dryland seeding operation where moisture conservation 


can be effectively made by leaving the trash on the field 


after harvest of kharif crops and maintaining larger clodsduring 


tillage. The effective cutting angle is mathematically expressed 


CLD)ifas: 
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sharpening angle of blade 
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apparent clearance angle 
Aé = intersection angle 

Bernacki (4) has given a graphical relation shown in Figure 16 
between h/R and intersection angle A& for various values of 
Ao 

The magnitude of 4S depends upon the value of i, 
the angle of rotation and the direction of rotation. The 
smaller is the value of 4, the smaller is the energy require- 
ment, but the greater is the change in AS during one cut, and 
thus, the greater must be angle 4 to prevent compaction of 
uncut soil. 

Bernacki (4) has given a graphical relation in Figure 
17 between X, and y, which can be used to provide adequate 


blade clearance at different values of i. 


2.3.5 Summary 
In addition to the general statements made by various 
research workers, regarding the effect of the individual 


parameters, Hendrick and Gill (19) have made some additional 
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comments. The most important comment is that while in general 
some qualitative conclusions can be drawn from the research 
results of various workers, very little can be gained quanti- 
tatively.9athiseis mainly "duesto the Wack of sufficient data 
and uniformity of presentation. Some authors present descrip- 
PLOns Ohmi nrtial Soul condleions , including moisture content 
of soil and penetration-resistance Gueneeners doencot- There 
HoenOn Un rOrmuty: cedardiug reporting final soil conditions, 
description of tiller blades, and occasionally fundamental 
information about rotor blades is absent. 

The prediction of magnitude of power requirement or 
the performance of rotary tiller from a theoretical basis is 
NOtepOSsstDlesatethis time. According to Hendrick and Gill 
(19), no antormatieon_is available regarding the effects of 
soil reaction in the range of velocities at which rotary 
tillers operate. As reported by Hendrick and Glily other 
researchers have concluded that the movement of tools through 
the soil causes considerable variation in the soil reaction 
and perhaps even in the fundamental behaviour of soil. 

Therefore only the fundamental conclusions made by 
most research workers as reported by Hendrick and Gill (19), 
ANAEOULLInedainesubsectvon 2.3.3, Cans be jtaken (ror granted 


for the purpose of simplifying the present design. 
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CHAPTERS lL i 
MECHANICAL DESIGN 


The success of the machine depends upon the accuracy 
with which the main parts are designed. Hence, the main parts 
of the machine as reported below were mechanically designed. 
In all cases economy and commercial availability of the mat~- 


erials were taken into consideration. 


MAIN PARTS 

Warne orskenous2 ng 

2. tne aetiag’ blade 

Salone, speed multiplication unlit 

4. Depth control screw 

5. Compression springs and tension springs 

The design of the main parts are presented in 
Appendix 1. The dimensions of all other parts of the machine 
were selected based on easy commercial availability. In all 
cases however, the stability and strength of the machine parts 
and convenience of operation of the machine were taken into 
consideration. 


A pictorial view of the machine is given in Figures 
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CHAPTER IV 


MATERIALS AND METHODS 


4.1 Field and Soil Selection 

The soil and the climate to be selected for the 
purpose of conducting the test had to be similar to the soil 
and climate for which the experimental furrow opener unit 
was designed. Consulting the soil survey map of Alberta and 
the Temperature and Precipitation data of the Prairie Pro- 
vinces of Canada, over a period of 29 years, the Orthic Brown 
Soil (Cavendish sandy loam developed on alluvial aolin material) 
of Bow-Island district was found to be most suitable. Un- 
fortunately in the 2nd week of May, Bow-Island received 4 
inches of precipitation. So the experiment was carried out 
on the Ellerslie farm using the facilities of the Department 
of Agricultural Engineering, University of Alberta. 
Anlet Pe Lela.size | 

Two fields with summer fallow condition and of size 
200 ft. x 180 ft., were selected for the purpose of testing 
the performance of the machine. These rectangular fiels were 
separated by a distance of 30 feet. 
Ame 2) BOO lehyDe 

Ten soil samples were collected at random from the 
field, mixed and then analysed in the Soil Science Laboratory 


of the University of Alberta. The average soil type was 
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Figure 18. A Pictorial View of the Experimental 
Furrow Opener Unit 





Figure 19. The Experimental Furrow Opener Unit 
(in the Field) 
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FOUNUELOeDeest te Oam an) texture and dark brown in: colour. 
The soil had considerable organic matter content. 
Anes MoO Moisture ands Rainfall 

At planting the average soil moisture content from 
ZEVrOucOmaucdepennot.4. 5.an. from the, undisturbed soll surtace 
was )l1lfompercent. 

THemsOleMotsturescOnLenlmats planting :rom.4.5 in. 
to a seed depth of 6 in. from the undistrubed soil surface 
was 19 percent. 

ROvIEcaysparteceplanting 023Fin.Olsrarletel land 
eront davcwamtonmplanitingmo.4ain. Of rainatell. 

4.2 Field Preparation 

Using chisel plows, the fieldswere cultivated at 
two day intervals for a period of 3 weeks. The depth of 
tillage was maintained approximately at 4.5 in. The purpose 
Wace LOsMakestne =COpE4. 5 9in. 10f soil fairly dry wes Ones SLOnbe 
Suitable for conducting the experiment. A view of the field 
before the test is shown in Figure 20. 

4.3 Equipment tor Draft Measurement 

The Salter's Improved Dynamometer was used to 

measure the total pull, needed by the experimental furrow 


opener unit. The dynamometer is a spring scale equipped with 


two parallel springs. The scale has twenty divisions and 
each division is further subdivided into ten. Each sub- 
division measures a pull of 10 lbs. The dynamometer is 
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The Salter's Improved Dynamometer 
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Shown in Figure 21. 
The scale reading while the machine came across a 
sudden obstruction was disregarded. 
4.4 Design of the Experiment 
The parameter that influence the performance of the 
machine can be divided into two categories 
A. Soil Variables 
1 DOlLipmorsture 
2oOL edens ty 
B. Tool Variables 
1. Presence or absence of the coulter 
PN CO CH EOL OLOLMOY adem mom fate lel cOr mei.) ait). 
Serer gnteadtewhich diskss unite, (disk height)-—4 in., 
ne tlay Sgn Vere See al ot, 
Soil variables were assumed to be uniform throughout the field, 
although 25 percent of the field had mulch coverage. The 
tool variables were taken as independent variables. The pull 
and the percentage of seeds germinated were the dependent 
variables. The performance of the machine is measured in terms 
of the percentage of seedling emergence. 
The presence or absence of the coulter in the machine 
as a tool variable merely increased the scope of experiment and 
hence its effect on the performance of the machine was deter- 


mined with least precision. The effects of the other 
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two variables, height and width were :determined with 
equal precision. The two types of seeds used were wheat 
and rapeseed, one type of seed being used in each plot. 

Amsp lito lot factorial design with 3 replications 
was used in making the tests. The form of analysis is given 


in Table 4.1 and the experimental order is given in Table 4.2. 


4.5 Test Procedure 

Each field was divided into three replicates and each 
replicate into two parts. In order to save labour and for 
the sake of convenience one part of each replicate was used 
toutesteehe nee aS Whe the coulter attached or coulter 
removed. Each half replicate was divided into nine subplots. 
The nine different treatments were randomized following a 
random number table and each subplot was marked with a peg 
fom tiem EeecatnentmeOspogapp| Ved sarA espace’ GfelS0).ft.) x 30 £t. 
was left in between the adjacent relicates for convenience of 
tractor movement. 

Fifty-four packages of wheat and fifty-four packages 
of rapeseed, each package containing one hundred counted 
seeds were used for the experiment. One hundred seeds were 
planted inj a row for, each treatment in a subplot of size 
LOT Le. 40 Lt. where: 40 ft. 1s the= length, of the rows (The seeds 
were dropped through the seed spout by hand. 

The seedlings of the rapeseed began to emerge on the 


3rd day. Emergence began during the 5th day after planting 
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in the case of wheat. Every day in the morning and in the evening 
two sets of countings were made and this continued for a period of 
nine days after planting* in case of rapeseed and fourteen days 


iether casecuor wieat. 


4.6 Method of Analysis 

The average number of seedlings emerged on each day 
was determined from the morning and evening counts. The day on 
which the emergence rate was maximum for all or maximum number 
of treatments, was noted for both rapeseed and wheat. The 
number of seedling emerged on this day and the emergence on 
the first and last snr Gs Phen COUNntMmECTmCaChm Crops were sused 
for analysis. More emphasis was laid on the data of the middle 
day mentioned above rather than the data of the first and last 
day. For each set of data best performance of the machine was 
judged on the basis of maximum percentage of the seedlings 
emerged. Analysis of variance was used to determine if each 
parameter and their various interactions had an effect on the 
seedling emergence, 

The pull,** measured for each treatment, during the 
experiment, formed two sets of data, one for the wheat plot and 
another for the rapeseed plot. Analysis of variance was also 

*Only fully emerged plants were counted. It was 
noted that following the rain, the plants that remained in the 
crook stage for several hours usually died before emerging 
Completely: : 


** Pull was measured to see if best performance of the 
machine matches with minimum pull or not. 
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Source of Variation 


Replicates (R) 
Coulter (C) 


re Ors (1s) 


Sub-total (1) 


Height (H) 
Width (W) 
W x H 
GaxaH 
Cox aw 
Ge xe ew 


EErOce (2) 


rota. 





TABLE 4.1 


FORM OF ANALYSIS 


Degree of Freedom 





32 





35 
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TABLE 4,2 


EXPERIMENTAL ORDER 


hit Bee Replicate 1l Replicate 2 Replicate 3 

ge WH cS WH — WH 

i i 28 2 Ihe 2 iby 

2 a tes) 2 23 2 sh) 

3 Ak rail 2 33 2 23 

4 ik a7 2 32 2 iba k 

5 ab LZ 2 uns) 2 22 

6 ah 33 2 Hak 2 ses 

i it 22 2 2 i eye 

8 EL BZ 2 22 2 2 

Fiela l S a eu % SA: 2 23 

Wheat 10 2 12 a 21 a 23 

shai 2 1s sl 33 aL fhe 

T? 2 22 a Uhl ik 22 

13 Z Be ih d2 i ay 

14 Zz 33 aL Sul i oui 

15 2 fe at nee! i LES 

16 2 Sig 1 22 i) uk 

iy, , AAS 1 a2. i Be) 

18 2 21. Hi 25 1 iL 

1 2 2 2 22 1 32 

2. 2 Sih © 2 ja) i 24. 

3 2 12 2 32 i ei 

4 Z PASS 2 i 1 ube 

5 2 22 2 23 31 E2 

6 2 Atal 2 r2 1 23 

7 2 Sia 2 I3 1 ial 

8 2 3 2 33 il, 35 

Field 2 9 2 32 2 Suk is 22 

Rapeseed 10 u a>: ul 229) 2 ed 

iia 1 3, a 33 2 13 

12 il 2 A ZN Z 12 

ARS 1 23 i} 3d 2 23 

14 ui 22 ue 32 2 32 

is: Mi TEAL i 13 2 eis 

16 a 5,5 Al ee oe 31 

any) HN Bal 1 ol Z 21 

18 il Biz a tea 2 22 

Coulter 3(G) los With Coulter Couteerwel Gi i2% Without Coulter 

HEIGHT (H) 1. 4" WIDTHS (W) Plo Ocoe lak : 

HEIGHT (i) See ZeG 2/55 WD THe W)) eee steely W (1) 
HEGRE (Hi. oe WIDIHRUW) 923.0 e Ls Oe Ha(d) 
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used to determine if each parameter and their various inter- 
actions had an effect on pull. 

The general form of analysis shown on Table 4.1, has 
two error terms because of the split plot design. A preliminary 
analysis was made on each dependent variable to determine 
whether error 'l' used for testing the effect due to the 
presence or absence of coulter and replicates was signifi- 
cantly different from error '2' used for testing the other 
sources of variation. When the mean square of error "l' 
divided by the mean square for error '2' was less than the 
SOmEeCsSpondimostabulated F=rariogat the = l0epercent probability 
level, the difference between the two errors was not signifi- 
Canta) in chatecase wenron” Is*was combined “with-error -°2° ~to 
form a pooled error used in testing all sources of variation 
(34). 

Once the significant muirmerseens ana their “inter— 
action had been identified, Duncan's Multiple Range Test (34) 
was used to establish exactly which of the treatment levels 
were Significantly different from each other. All multiple 
range tests were performed at the five percent probability 


level. 
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CHAPTER V 
RESULTS AND DISCUSSION 


Ties Percentage OL scedlings emerged and the pull 
measured during the test runs are given in Appendices 1 to 
20. The emergence Of seedlings was maximum on the 9th day 
in the case of the wheat and on the 6th day in the case of the 
Pape ceed wel Ne esced | ingmemergence data on these days weresgnoted 
as the middle counts. 

As noted earlier, the first, middle and the last 
counts (with reference to seedling emergence) and the pull 
measured for wheat and rapeseed plots were used for analyses. 
Ailepevis © Smo Ue a anCcem Tables 5,0, 65.2,°5.5,05.4, D605, 3.07 3.7; 
5.8) were carried out in accordance with the model noted in sub- 
section 4.6. As can be seen, the main effects due to rotor 
blade width and disk height are significant for seedling emer- 
SenCcemandsOUll meelnemetLect, OL the, Coulters1s onlyysignifmucant 
for pull. The effect due to the interaction between the disk 
height and rotor blade width is significant only for seedling 


emergence and the effect due to the interaction petween rotor 
Dbiade width and coulter is only significant for jove ene 


5.1 Seedling Emergence 

The percentage of emergence as noted on the last day 
of the count was 78 percent in the case of the rapeseed but 
only 55.3 per cent in the case of the wheat. This low emergence 


of wheat seedlings is due to the reasons noted below. 
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The slippage of the walking wheels (which was not 
measured) was one of the main problems encountered during the 
test. The rotor that receives power from the walking wheel 
did not turn during slippage. Hence during slippage no 
additional 'U' shaped furrow was formed. As a consequence 
the seeds fell on the botton of the furrow opened by the disks 
only.* The rapeseed being small in size could manage to get 
adequate soil coverage required for germination and emergence. 

timacakevonestom tits nNalt OF the eee TOE has 


mulch coverage which reduced the problem of slippage. 


el ec eine? Cs 

Effect of ‘rotor blade-width' on 'seedling emergence. 
The relationship between rotor blade width and percentage of 
seedlings emerged is displayed in Figure 23. In general there 
was maximum emergence when the rotor blade width was 1.0 in. 
When the rotor blade width was 0.5 in., the base width of the 
'U' shaped furrow opened by the rotor was small. The furrow 
was closed by soil, falling from its wall before the seeds fell; 
hence most of the seeds were on the top of the furrow, rather 
than falling on the furrow bottom. This gave rise to a very 
little soil coverage on the seeds. A rotor blade of 1.5 in. 
width opened a furrow of considerable large width. Some of 

*When the machine was used without coulter slippage 
of walking wheels occured and a ridge of uncultivated soil 


was sometimes left on the middle of the furrow. This is dis- 
Dlayed fan Figure, 23% 


54 





Lae trp 
oe 






























é 


7 





ron ope dakéwh eiéedcy onigilaw! ie 
at? ovizut Sexaraepons ens kGaa nies gfe | tos 
iboulw ocitiqnw gt? ios? saueg anbapies. Seis) ; 
| on syeqgellw ontaub eoaen . oped le sahelt mod 
eyrecpeRdoo s ff, .Omtrel ae Wore) (begets *p* “Aas 
r «ty od beorsao ewer? oa) Be @Gagiod Sf? ae ried. 


ap oO ectem fico wad 22 Pia paid baaneee sit 


tra cols 14ae 333 Deghupor ogee ‘VOD ties 
{ to bevaadent ole te Siee ais» wt aolstihhe i 7 
posatia %o iadosy eH) benocies totite epasay on 


» he az5ot ‘2 “ss Se 2 a 
a cxsh' el ee eal a P nn a 
at . rare) (Ff dw re, Somes SS Ro Joana “et 


- ——e a s 


4 
sbdw S¢eid Stes gan tal areal re 


* 
r 


: | al ft sdapli nd Styatgel’ &f Bepeaee 
jd) Of. pav hee ITE, R07 07 shay bealad Lanegan 
io teil Stet offs (at CD ew BEBEe Abe ee 
wou? od? fleme sew tOsen eft ee) Dare worevar § 
s.. dbe@e’ dra: 6902 yed iiew wii oes salige ipered: a | 
‘teiteh Wea? att Io 4c sit te SEO : abhaws ait 0 = 
view .« Od Sale akenig obit .wertted Wott watt: mG |= nt En 
ne Bt je sieid roger A uted eine ! } 
25 Pa Be thin sien 
2? < 





Figure 22. Ridge of Uncultivated Soil During 
Slippage of Walking Wheel 
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the seeds in this case were displaced in either direction from 
the center line of the furrow giving rise to unequal heights of 
soil coverage on the seeds. Seeds that fell close to the furrow 
wallwere often covered with soil to a height more than 1.5 in. 
to 2.0 in.; hence they could not emerge. On the contrary a 
rotor blade of 1.0 in. width opened a cleaner furrow, in com- 
parison to the other two rotor blades and deposited the seeds 
under an ideal height of soil coverage. Therefore the per- 
centage of seedling emerged was maximum when a rotor blade of 

1.0 in. width was used in the machine. 

Pete CUpOL ee lelont sdbywiich disksmunite. on! seedling 
Emiergeuce -saueLect of 'H' on the percentage of seedlings 
emerged in shown in Figure 24. Seed germination was poor and 
consequently the seedling emergence was low when the disks met 
at a height of 4.5 in. The reason was that the disk angle 
being negative, the inversion of furrow slice was poor. Hence 
most of the soil fell back into the furrow before the seeds 
reached the furrow bottom. As a result, the seeds got covered 
by dry soil and also the soil coverage on the seeds became 
Elin eewiictieLic disks) anitedeatewaelerghtofa9.0 in. there was 
a ridge of soil left after the disks. This soil was loosened 
when the coulter was attached to the machine and stayed compact 
when the coutler was not attached to the machine. In either 
case, whether the ridge was broken or not, the soil was dis- 


placed by the action of the rotor alone. The rotor opened 
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Figure 24. Effect of 'disk height' on 'seedling emergence". 
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Gems apedeLuLrowy;anearly 4) to 6.0) inches in height. When 
no coulter was used and the direction of the machine was not 
a straight line because of the slippage of one wheel, some 
part of the ridge stayed unbroken even after the rotor. On 
the other hand, when the coulter was used, due to unusual 
furrow shape, most of the soil fell back into the furrow, 
before the seeds reached the furrow bottom. A compromise 
was obtained between the poor inversion of furrow slice and 
unusual furrow shape, therby opening a more clean furrow and 
covering the seed with approximate ideal amount of soil in 


ChescascesOmeor 7 0in. Gdisk height. 


Se cee DESK mICLONt ance nOtOleblade wilath'’ Interaction 


hemi ntenactOnebetween the LoLcon blade width and 
disk height is displayed in Figure 25. phe reason for maximum 


perecntagersom seed inggemergencée sat asrotor=biade width of 
JeOminehehac talreadysbeen explained under ‘Main Effects. ' 

Peo bee reemcOUlLS@ Ore ardisk Neignt.Ob.4 .5eigs3or 970 in.; 
seedling emergence percentage between the use of a rotor 
Dladtemorel Opin swidtheor 1571p ewiith remained more or less 
same. In fact, aerotor blade Of .Saan. width opened a funprow 
which was a little more cleaner than the other and hence, there 
Wemomciiighiteupwardatendency ofethescurve frome to 2.5) in. showing 
a slight increase in the seedling emergence percentage in the 
case of latter. The same. nature of the curve although to a 
lesser extent, is envisaged between a rotor blade width of 
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Figure 25. Effect of 'HxW interaction’ on 'seedling. emergence'. 
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height of 9.0 in. The reason is, rotor blade of 1.0 in. width 
On lo tn width made wery little difference in practical 
Shcem a lonmi nwOpen1Ng sane uU Ueturrow Of Up to 6.0 >in. in height. 
5.2 Energy Requirements of the Machine 

(In terms of the Pull Measured) 

In the case of the rapeseed plot, no interaction was 
marked between any independent tool variables whereas in the 
case of the wheat plot, interaction at 5 per cent significance 
level was found between the width of the rotor blade and 
presence or absence of the coutler. This can be attributed 
to the experimental error arising out of two problems. 

(a) Sse TNE of the rapeseed plot, as has been 
mentioned earlier, had mulch coverage which reduced the 
problem of slippage. Consequently pull requirement in this 
case was lower in magnitude than the pull when slippage was 
encountered during the operation of the machine in the wheat 
plow, 

(b) The dynamometer, due to rapid fluctuation of 


the pointer sometimes was read .inaccurately. 


Vet eeMalniencreccs 

Rone Ces: OL TerOLOL-bDlade—width.: On pull. | this errecte 
has been displayed in Figure 26. As the rotor blade width was 
increased, the volume of soil displaced by the rotor increased, 
so also the energy requirement of the rotor, thereby contri- 
buting to the total pull of the machine. There was a sharp 


PicCLeasemsTmDU Wiel OL TOLOrwWwLacie LLOM. moi nchico: Ll. 0sineh. an 
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the case of the wheat plot. This is logical since energy 
requirement is directly proportional to the volume of soil 


displaced. 


Kitectwor Sdisk height." on 'pull!. The’ effect of 
disk height on pull is diplayed in Figure 27. At a 'H' value 
of 4.5 inches, the tilt angle is negative. As the tilt angle 
was increased, more and more soil came in contact with the 
bearing area of the disk and consequently the draft requirement 


of the disks increased. 


BEtect of ‘coulter' One PULL ee CONntrary sto eine 
assumptions made in the design of the machine, it was found 
out that the addition of a coulter to the machine decreased 
pull. This is due to the following reasons. 

(a) The slippage of the walking wheel was less 
pronounced in the treatments when ae coulter was added. The 
Coulter penetrated to ardepth of 4-0 inches to 650 inches and 
guided the machine in a straight path (slippage in most cases 
was associated with the fact that the direction of travel of 
the machine was not straight). 

(b) The coulter used to break the soil ahead of the 
disk, initiating less energy requirement for the disks as well 
GomeOr scicerOcOLwmiNLSswas due lo thes fact, that coulter needs 
Lees energy than what the disks or rotor need to perform the 


Same job. The result is an overall decrease in pull. 
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Figure 26-8 Efrect of ‘rotor blade width! on ‘pull 
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Sil eee OU Mt etamand = rotor Dladeswidth*) Interaction 

The interaction of 'W' and 'C', which was only marked 
in the case of the wheat plot is displayed in Figure 28. The 
increase in pull due to increase in rotor blade width and the 
decrease in pull due to the presence of the coulter have been 


explained under 'Main Effects.' 
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 


The performance of the experimental furrow opener 
unit shows that the maximum seedling emergence in all three 
counts was obtained for a combination of rotor blade width 
Ob e06in wand andisk height o£ °6,/5 in. Although the coulter 
had no effect on the seedling emergence either in the case 
of the wheat or rapeseed, by attaching a coulter the energy 
requirement of the machine was reduced. The energy require- 
ment of the machine was, however, not minimum for a combination 
SteLolLomp lademswidtheOL. | 0einewandra disksheiqnt,of 6.75 in. 
The pull was minimum for a rotor blade width and disk height 
combination of 0.5 in. and 4.5 in. respectively and was maxi- 
mum for a “votor blade and disk height combination of 1.5 in. 
and 9 in. respectively. 

The mean pull needed by the machine with the 
coulter attached and for a treatment combination of rotor 
bladeswidtinot sl) Onin. sandea Gdisk height of 6.75 in. was 
450 lbs: for wheat plot and 366 Jbs. for rapeseed plot. The 
dynamometer reading being eee the pull can be assumed 
to be 450 lbs. in which case the horsepower requirement of 
the machine is nearly 1.8 h.p. The mean pull needed without 
the coulter and for the above treatment combination was 350 lbs. 


for wheat plot and 333 lbs. for rapeseed plot. The maximum of 
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the two values is 350 lbs. and should be taken into consideration 
for the purpose of design. Based on this, h.p. requirement of 
the machines is 1.4. 

The percentage of emergence (final count) of wheat for 
omcr cacmenticomba nat1onsOf) 045-4n.. and 4.5) 1n..,2 Eor, rotor, blade 
width and disk height respectively, was approximately 39 (effect 
of coulter being insignificant). The same for rapeseed was 
68 percent., The emergence (final count) of rapeseed for a 
ee ene conbeneat ons Orile Ones andi 6. 7/S50i1n-fonrotonm.blade 
width and disk height respectively was 91 percent . The same 
for wheat was 78 percent: (the effect of coulter being insig- 
Nate Can tyror) both phe cases). Increasing the machine h.p. 
requirement by 30 per cent the gain in seedling emergence is 
95 percent in the case of wheat and 33 percent in the case 
of rapeseed. Hence it is logical to conclude that the indepen- 
dent tool parameters that will give best performance as far as 
pull and seedling emergence percentage are concerned are 

(1) presence of coulter 

(2 mrotoOim bDaade width of 1.:0 in. 

(3) diskehes ohits Of6. 75" ine 

In addition, an important conclusion, can be drawn 
that the machine with the use of the above design parameters 
can be effectively used for dryland seeding operation in India. 
The horsepower requirement of this machine is 1.8 h.p. (when the 
depth of seed placement is 6 in.) which can be easily provided 
bystwoupalrs ob ebullocks. 
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CHAPTER VII 
SUGGESTIONS FOR FURTHER RESEARCH 


1. Conclusions reached in this study from the test 
results of the machine should not govern the optimum design 
parameters needed for commercial production. Further test 
of the machine in a dryland area with sandy loam soil is 
essential for the selection of the optimum too] variables. 

2. A triple disk combination followed by a hoe 
should be included in the test for actual comparison. 

3. Steel or rubber lugs should be attached to the 
walking wheel of the machine to avoid slippage. 

4. During further tests with this machine, some 
provisions should be made to guide the soil (cut by the rotor 
blade and thrown ahead) back into the furrow after the seed 
spout. This is required to save other parts of the machine 
from getting plugged up with wet soil. 

5. Soil removing blades should be attached to the 
concave side of each disk. 

6. A spring dynamometer is not an ideal tool to 
Measure the pull because of rapid fluctuation of pointer, 
Instead a strain gauge unit coupled to a recorder will avoid 
many erroneous readings. 

7. Uniformity of seed-fall through the spout also 


affects the germination rate. A seed metering device should 
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enclosed with the machine, in which case the frames of the 
machine should be modified to be lighter in weight than the 
existing heavy frame; so that the total weight of the machine 
stays unchanged. 

8. The machine should be tested at other depths 


of operation, ranging from 2 inches to 6 inches. 
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APPENDIX I 
MECHANICAL DESIGN AND PARTS 


A.1l Design of Disk Housing 


Approach 

(eel VORGQISKSHOLeLoMInch Gdlamter,. and, !./5 inch 
concavity were selected. The pitch circle radius was cal- 
culated. The disks with their concave sides facing outward 


were allowed to meet at a point in their periphery with the 
minimum disk angle provided. 

(ii) Soil-disk reactions were determined from 
experimental findings. 

(iii) The bearings and the axles were designed. 

(iv) The axles were bolted into a 3 inch diameter 
mild steel solid hub, in such a way the axes of axles lie in 

0 


one plane and make and agle of (180 - 2 x disk angle) in 


between. 


Theory and Calculations 
Rach USPOLeCurvatune 
The radius of curvature, shown in Figure 29 is given 


by the equation: 


J4R2-c2 
2 





(6) = 


Where R = pitch circle radius or radius of curvature 
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ale) Death 


23.30 inches 

RadlUusmoteCULVatLULe Ob disk 1S 923.2308inches 

Maximum angle between two disk axles, when the disks 
join at the periphery. 


Referring to Figure 30, 
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Minimum disk angle = 909 - 67.7 = 22.3° 


Maximum angle between two disk angles, 
Gah se eee ee 
Bearing for the disks. concn (l/) yreported that noe 
substantial difference could be observed as far as bearing 
friction 1s) concerned. Lb) when. the disk is emounted. ona 


spindle which rotates in an anti-friction bearing and (2) 


when the disk spindle rotates in a well constructed and ad- 
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justed plain bearing. So, for experimental purpose a housing 
(displayed in Figure 30) containing the ball bearing and an 
axle that goes through the bore of the bearing, was bolted 

to the concave side of the disk. The disk rotates freely on 
the axle. 

When the disk moves in soil, there are 3 forces to 
take into consideration. They are: draft 'L', which is in the 
direction of movement of implement; the side force 'S' that 
acts in a direction perpendicular to "L"; and the vertical 
SOliereaction se Vi awhich 1S in a’ direction Merpendicular to 
DOGHs andes... 

Clyde Core sented two methods to express the 
resultant effect of the 3 forces which govern the bearing design. 
One of these methods assumes that 'L' and 'S' are intersecting 
and 'V' is nonconcurrent. This method is explained in Figure 
31 b.Clyde also reported that it would be equally permissible 
Comconsicersthates)' and “V' intersect and) "S‘ is noncon- 
Cunrents(10). 

Clyde's second assmption displayed in Figure 3la and 
32 has been taken into consideration to govern the present 
design of the bearing. 

Gordon (17) found out the following values of 'L', 
and 'S' and 'V' in an experiment carried out at the United 
States Department of Agriculture (U.S.D.A.) Tillage Laboratory. 


When (1) Nominal disk diameter = 20 inches 
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Figure 3l. Example of resultant seit EGOrGeES gacthing supon. A 
24 in. vertical disk blade under field conditions 
inwassitLeyloam soil jute total. effect being 
represented by 2 non-intersecting forces: 
(ama achous te borce | is plusmasradialsborce Up saand 
Cea enoGgicoOntalenOorGee Rh, plusea Vertical force 
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(2) Disk angle 459, 


(3) Depth: of cut 


4.6 inches, 


Gy SMES rea febe epbhe = 7 inches, 
(SymAnG Teno LeInc lL nation = 09, 

Draft L (in lbs.) = 203 
Vertrcalmsonul reaction = Vv. Upward {in lbs.) “= "60 


Srcemth Gis te canine bSi) 


138 


The soil used in the experiment was Davidson Loam that con- 
Siemeadsot 7Raseperecentweot |Ssand,.—3+4-percent -of-silt and 
23.8 percent of clay as determined by mechanical analysis. 
Apparent specific gravity of soil was 1.71 and moisture 
content 7.45 percent.. 

Agricultural Engineers Yearbook (9), shows that for 
a disk plow in a light soil the draft requirement is 3 to 6 lbs. 
per square inch and for medium soil it is 5 to 9 lbs per square 
inch. Davidson loam can be considered as a medium soil in which 
the draft requirement can be assumed to be 7.0 lbs per square 
Bnei Hence thes drabtelormanlturrowesectionyo£ J.0in. xe4.62in, 
USB22554 bbs;awhich iseclose tothe value obtained by Clyde (10) 
in an experiment. (The furrow section will be approximately 
rectangular instead of being triangular as in a double disk 
furrow). Clyde (10) in the same experiment found out that, the 
UGbattewioe Verercalg@coil reactson  'Vleandmthe. sideatchrust,"S*, all 
were lower for a disk of 26 inches in diameter than a disk of 


20 inches in diameter, at the same depth of operation. 
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Thivavarnvongs (32) in an experiment with disks found no ap- 
preciable difference in values of 'L', 'V' and 'S' when the 
disks of 18 inch, 20 inch and 22 inch diameters were used. 

So with a disk angle of 45° ancmcil ce angles of 90, 
it can be logically assumed that the vlaues of 'L', 'S' and 
IVeewlitenoteaupreciably ditter between a disk of 18 inch 
diameter and 20 inch diameter. 

Plow disks are generally operated with a disk angle 


ae ey 


(2). Gordon (17) found that decreasing the disk angle 
from 459, the draft as well as vertical soil reaction 'V' 
increases but the side reaction 'S' decreases. He reported 


0 


that draft is minimum at about a 45°disk angle. Thivavarnvongs 


(ie jmea SOerepOLcted tharew ULV attainsea MmMinadmum in the vicinity 
of SOEe The USDA tests, as reported by Gordon (17) indicated 
that soil type and soil condition have the most pronounced 
effect on soil reactions. There is no report available for 

Amd LS Ke O fae lig inch diameter, with a disk angle of Ieee and 
tilt angle of 09, operating at a depth of 4.5 inches, ina 
sandy loam soil with the width of cut being 7.5 inches. ‘Hence, 
Withee Liema DOVCeSOll mands tOOl sCOnadlt1lOns,. Lor thes purpose (OF 
mechanical design, 'S' can be assumed to be 138 lbs. Since 
'v' increases rapidly with the lowering of disk angle as re- 
ported by Gordon (17) the value of 'V' in the above case can 
be assumed to be (60x2=) 120 lbs. Since there is no sharp 


increase in draft by decreasing the disk angle, 'L' can be 


assumed to. be, (203 2% 125 7=) 305 bs. 
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DiesNadrmerucewandedirectaon Ore lL, *Se and 'V.") are 


shown in Figure 32. 


[p= es Vows. Disk' angle = 22.3° = 4a 
Soe LS aelbs. filtvangle = 0° = C) 
Viee=—ae 1208lbs. Soil type is sandy loam 


Depth of cut = 4.0 inches 


Calculation of the resultant forces is based on previous 
assumptions and is shown in Figure 33. 


For a single disk, 'L' can be represented by two 


components. Component "Ly! is parallel to the plane of the 


disk and component . 'L, is perpendicular to the plane of the 
disk. 


20 lO emeLS. 


I 
II 


L = COS. a SUS, (leis, Aa shy 


1 


L orn 3.050 St a2 2 3° Le a Ome S 


2 
Assuming that 'L' and 'V’ act at one point, the 
resultant of "Ly! and 'V' can be represented by 'Ra' where 


'Ra' is the radial force. 


2 


a Whi Sy, (2e4le2) 2 (120) ) = 306" On bae 


— S05 LDS. 


The two. side forces in the double disk unit cancel “each other. 
Hence, the thrust 'T’ on each disk is given by: 


T =" L. 0 eel oD Ole Oe los 


The radial force which includes the vertical support force 


on the disk blade, must pass slightly to the rear of the disk 
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center line to provide the torque mecessary to overcome bearing 
PalervoMsangerOmcavsesrToOtatlon of the disk. . According. to 
the report of Clyde (11) minimum distance between the line 
of action of the raidal force and the center line of the 
disk is assumed to be 1.5 inches and the position of T is 
assumed as shown in the Figure 33. 'L' is assumed to act at 
a height of 4 inches from the bottom of the disk since the 
Gepeneon Cute ce 4.5 einches. 

Applying two equal and opposite forces of magnitude 
Via tneecentersotm the Wisk in a line parallel to the line of 
Set On Omelet NeLocol Seas thriste load of 116) lbs on the bearing 
and a couple of ean Aue! SS) Gee, bey, WEG Se Syl er esr cle!) 
Mima l-bOnmcOmtic slLadial load of amagnitude,305, lbs... On. the 


disk tools the couple has a clockwise sense with right hand 


disks (10). 
Summarizing, 
Radial load on the bearing =o 05m LDS. 
Thrust load on the bearing J AkIW sy. a eys). 


The magnitude of the couple Why ois) tener, tie, hele 
ehessense of rotation is clockwise ian a right hand disk. 

To account for the couple a tapered-roller bearing 
is always recommended for the disk, if long life is desired 
(2). However, for this experimental opener unit, a ball- 


bearing of suitable size was designed since the lifespan is 


shone. 
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Thetequivalen= radial loadyis found out™ by using the 


Anti- Friction Bearing Manufacturers 


Association (AFBMA) Eqn. 


Re = V.Ra (Eqn. 

Re = X,-V-Ra te Y,-T (Eqn. 

Rew = X5-V.Ra + Weyl (Eqn. 
Where, V = eROta tion factor 

Ra = Applied radial load 

Re = Equivalent radial load 

T = Applied thrust load 

X = Radial factor 

Veer eerhructefactor 


(29). 
2) 
3) 


4) 


The equivalent radial load is the maximum of the three values 


Given bVeLOn me, 6) "dnd  sACCOLd Img stO Shigley (29) for 
tradialcontact ball bearings 
When xX) = 1, and when xy = (5, 
Y) = 0 1 ‘hw 
For a rotating outer ring, V = 1.2 
Hence, 
Re ‘2) = eli 2x 3.0.9—= B66 21 bs- 
re'?) = 1.0 x 1.2 x 305 + 0 x 138 = 366 lbs. 
Re 4) = Oesy Bt TL e ote TShts) ae AR Sr Se NES: 
= deo 95 3700) LOS. 
Hence, the equivalent radial load that will be taken 


for the purpose of design is equal to 376 lbs. 
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LOpaccOUntCECcOMm any Shocks andeampact conditions’ to 


which the bearing may be subjected, an impact factor is 


introduced while calculating maximum radial load (31). 


Re (Max) = Cc, Re 


For heavy shock Cy Cee) 


Hence 


Re (max) = 3 x 376 


ee Ome Sr. 


Linear velocity of implement = 1.5 mile/hr. 


Therefore, Linear velocity of disk 


Ree Mes ofethe- disk = R.P.M. 


AS sll) 5 Bs Peay Aaa 


io Ome hee 7 Mt Ti 


of the bearing 


132600 =) eZ 


De SOE Se eal 


Let the basic load rating be C 
e = ae ecm O met) Ree (Eqn. 
where L = Expected rating life 

n = rpm 

Re (max) = Equivalent radial 


Let L = 200,000 hrs. (average life) 


ce 2070.00 px00ge 2 8 xe 098 
106 
ci 
age 1e = 38000 
ie ee ae Chee ae 305.0 aL OSs. 
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Referring to the Browning Catalogue, (5), a 'B100' adapter 
bearing with the following specifications was chosen (The 
bearing axle has an outside diameter of 1 inch). 


Bore size = J] inch 


Cc 


1 Ge neches me De=meee OAV sinches, M = .761 inch! | -; 


S i0Gbeanches, Wi=.0.G09si1nceh |, where C, D, M, S 


and W are illustrated in Figure 34. 


Check 

Referring to the Browning Catalogue, Load rating for 
the above bearing for 2500 hrs. = 1595 lbs. 
Load rating for 20,000 NGeSGme ee Oo eX OD oe 94 150 el bs. 


The above ball bearing is specified to be used with 
EoOMeoumLUOmandmLOada rating sot 941.0 dbs. Since the required 
Moa Geld elim soo) Jel bS.eLOr 325 (rom, the bearing chosen will 


be satisfactory. 


A.2 Rotor Blade Design 
DIrect1OneO1m RO tacion 

The seed spout follows the rotor blade. For the 
convenience of seed placement, the direction of rotation of 
the rotor blade was chosen reverse to the direction of move- 
ment of machine. For the lack of a confirmed report relating 
draft requirement and direction of rotation of a rotary tiller, 
the draft requirement was not taken into consideration while 


selecting the direction of rotation. 
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Figure 34. B-100 Adapter Bearing (half section). 
Gre lecominchesse) —s 2.047 2einches, M = 2/64) inch 


So=-—l- 06 Leinches, W = 07.6097 inch, 
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Rotor-Blade Shape 
L-shaped blade was chosen, because of its effective- 


ness in dryland tillage operation (1). 


Rotor-Blade Length 

The long arm of L shaped blade was made 8 inches long, 
to provide 2 inch clearance between the rotor axle and the 
ground surface so that the sprocket in the rotor axle does 
not, touch, the ground. 

The shorter arm of the rotor blade was made 2 inches 
tong. so thatescne ratio of the length of the shorter arm and 


cChesetengins oly the, longer.arm =. 1:.4,..(18). 


Minimum Width of Rotor Blade 

The minimum mae of the rotor blade is determined 
by taking the fact into consideration that the furrow opened 
should be clean and stable. The atencuanttiy Wid tlie O caso LOL 


blade, taking the above fact into account was assumed to be 


0. 5.inchi. 


Maximum Width of Rotor Blade 
The maximum width of the Sorat niace is limited by 
the power available to the rotor. 
Power available to the rotor 
=  [(Total power available to the machine) 
- (Power utilized by the disks)] x 0.75 


(Assuming that 25 percent of the power available to the 
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machine is utilized by pulling the (1) coulter (2) machine 
itself, when no part is lowered into the ground and (3) 
sOil covering blades. 

BOveawclean LuLrrow the width of uncultivated soil 
dett onstnie top of soil surface*should be zero. In this case 
the disks should be joined at a height of 4.5 inches since 
the maximum depth of penetration of the disks is 4.5 inches. 
Joining the disks at a height of 4.5 inches at the front, 
the tilt angle becomes negative and there is poor inversion 
of the furrow slice (2). When the disks are joined at a 
height of 9.0 inches and tilt angle is approximately ay 
the inversion of the furrow slice becomes better than the 
former, but a ridge of uncultivated soil is left on the soil 
surface. Hence to compensate between the two extreme phenomena, 
the disks should be joined (at the front) at a height between 
the two heights of 4.5 inches and 9.0 inches. However the 
effectiveness of a clean furrow can only be studied when all 
these three heights are taken into cosideration. 

For the purpose of determination of the soil cutting 
£OLcCewavallable to,;the rotor, the disks should be joined at 
the front at a height of 9.0 inches from the bottom of the 
disks, since the draft in this case becomes maximum, 

The furrow width is maximum when the disks join 
at the front at the center line. 

Hence the maximum furrow width is 10 inches as shown 


Ir tgures 35. 
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Figure 35. An Example of Determining Furrow Width 
When Disks are Joined’ at the Front. 

When the disks Meet ete a heli Olle. OMine, 
the width of space at the back center line is 14 in. 
When the disks operate at a depth of 4.5 in., 
the furrow width is 10 in., and the width of 
uncultivated soil left on the top of the 
LGLGOWPLSeo al. 
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The configuration of the furrow opened by the disks 


is shown in Figure 36. 


[<1 0" -____—__}>} 


r- 3" S| top of the furrow 


1 


——— 7" : =j\— ‘bottom of the furrow 


[ ] Furrow opened by the disk 


Ridges of uncultivated soil 


Figure 36. The configuration of the furrow opened by the disks. 


Assuming that the ridge of uncultivated soil does not exist, 
Cross section area of furrow 


= Uy (OMY) 25 7) CE Meets Wis eve paaliey 
2 


Heer Ormaapalr Or medium size bullocks Weer Tabs) 
Hee eOLee pairs OL medium Size bullocks = 0.9 x 2 = 1.8 


Approximate bullock speed = 1.5 mile/hr. (13) 


ES2actey min 


VELOCLCY gO feaLSKS V5 le Zee 3 / ML Sh, 


SUCCHMCICELesistance ob scandy loam G==7 s.bs.sq. in. (16) 
(approximately) 
Hence, soil cutting force 'Fd' utilized by the disks = 


| GG SZ oe= WO / 5° Lbs: 
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Power utilized by the disks Roux Vv. 


33,000 


PASI EG TEs) oie 
33,000 


LEO UP ees “FI TE eas ee 
Energysrequirement for the rotor is minimum at a value of 


NE eee 2 49) 


A = Rotor peripheral speed- 


Forward machine velocity 


Ot 2/4 ee eR oe 
Se 


Assuming that pull is horizontal, (actually draft is less 
than the pull, since the hitch point of the machine is at 
a lower level than the neck height of bullock). 

Power available to the rotor 


(Ose mhept).0.75 = 0.6 


ODF e202. eo 10 be UNS ey 
33,000 


where F is the cutting force of the rotor 





Therefore F = 0.6 se Shei Olene) 
Silks ya ts) 
=O 2. 5 RLS 
But, F = specific soil resistance x (cross section of the 


PuULLOWsODened Dy, thesrotor s(4)F 


Depth of furrow opened by rotor = 6 inches. 
The specific soil resistance = 7 lbs/sq.in. (approximately). 


Maximum width of furrow opened by rotor. 
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HenecemclOcOpmDlade: wiaths Of 0°25 anch, 1.0 inch, 1.5 inch 
were chosen, 0.5 inch being of minimum width which can be 


assumed to open a clean furrow. 


Peripheral Speed of Rotor Blade 


Nek OPI EROLOT Peta phemalespeed 
Forward velcoity of machine 
Ol, ee =e Re brite 
32 


EnereLorewsh ah. > ee lo 22. 40-7516. 8 ft/min. 


Sharpening Angle of Blade 


Radius or Rotor = 8.24 inches = R 
h = cutting depth = 6 inches 


Therefore, h/R = 6/0.24 = 0.728 


For h/R = 0.728, intersection. angle 


Nie ee ee ( LOrmerever Se. LlOtatLion,) 
10 Ga Aan c4 pale Sa 
Y = Naty eS 


Olsen Se eee LS 


Therefore Y = 16° 
or yoo Goss 


The angle '5!", must be greater than 0° to prevent 


the backface of the blade from compressing the uncut soil 
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Assuming that 


Sea 6ee= oe w= 1 1c 
Thickness of Rotor Blade 


Assumptions 


(1) Material used: Steel AISI (American Iron and 


0 


Steel Institute) 1050, Drawn at 600°F 


Fatigue strength of the material = 100 kpsi (Eqn. 6,21) 


(The blade fails by fatigue and not by yielding) a 
Assumed factor of safety = 3 
Allowable stress = 100/3 = 33.3 kpsi 
(2) Blade mare Ono nC emi neh. 1. 5.4nCches., 
SjeUNEtedrate 9 .t0S/Sq.«1nch. 
Calculation of Thickness of Rotor Blade 
(Of widen 085 "in¢eh) 
Max. cross sectional area of furrow opened by rotor 
= Oe x aOR = 3sq. in. 
Hota Ue rable — ~ 515 7 e922 5; bs, 
Maximum bending moment about the neck of the rotor blade = 
Aeioec bee A ae Dew inch. (Reference: Fagure 37) .1Max. shear force = 
21 lbs. (assuming that this acts at the center of furrow 
Section .c.) oS itiches from the bottom of the rotor blade 


which behaves as a cantilever beam). 


able 76 
Where b = width of rotor blade 
h = thickness of rotor blade 
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miguress/. Force on the rotor blade. 


R = Length of rotor blade = 
eee 


G = Arm of bending moment = 
4,0" 


Width of rotor blade 


w 
i} 


a 
I 


Depth of Furrow 
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Where, Sx = flexural stress 
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bending moment 


N 
II 


section modulus 


= VAS) 
Ib where, Sxy = Shear stress 
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Allowable stress is 33.3 kpsi 


Hence applying Maximum shear stress theory of failure 
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Trerafore, eh = ely an. - .2 inch 


Wier ores Wits Deal Onl nCh Or 1-5. inches,=the value of ‘'h' 
will be lower. However for the purpose of convenience and 
to account for higher factor of safety becuase of unpredict- 
able soil conditions, the value of 'h' for all cases was 


enosens torbenr0a2 inch. 
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A.3 Design of the Speed Multiplication Unit for the Rotor 


Design of Gears 


Approach 

1. Direction of rotation of rotor-blade is opposite 
to the direction of movement of the implement. 

2. Energy requirement for the rotary-tiller is 
Minimum at a value of A = 2.4 

3. Approximate horsepower transmitted to the rotor 
nich ALOE eee (bans h.p.), since the exact h.p. needed by the 


Machine is not Known. 


Assumption 
Material-AISI 1050 Steel, Drawn at 600°F 
Su =) 220,000 psi, 


where Su is the ultimate strength of the material (Table A-12) 


(295) 

Theory and Calculations 

Factor of safety for the gear 

ng = kok yD (Eqn 3 0)) (29) 

where ng = special factor of safety for the gear 

Ko = an American Gear Manufacturer's Association 

(AGMA) overload factor 
kn = an AGMA load distribution factor 
N= OcdinaLly tactonm Of sarety. 


Referring to Table 11-9 (29) and assuming that the 
source of power and the driven machinery deliver medium shock 


to the gear, Ko =i OE eles 


100 
















+ ae 
: pa = 
‘a dna 
ejieogqe ei ghalid= 9201 to setgeser Fe sobvoexid wk ieee 
Inente tard seis Lg: Selamenrom Fo noktaedi®- 
ei teIli+~y ado: etd sot caaebrdager pron ss - 
‘ aS ‘eo 
3,8 = k io euisv & 75 
ey of betsimakyt3 15W6% warert StamixozqaA. .€ 
> _ fh 50205) aor Ey oe meh! | 2 is Trista jee Beh Ga a Of oO 


ie 


aeoed 3646 as 


‘Ahe te aust . fess? O2OL Tethefelsavalt 
, Lae NGo0ss = ye 
(5 <loeT) isfsodem oft to deebise-edastitie ely aie 


, *e9s2etupiss 
stop att vol “istan te ‘3asORe 
(ag) (OF ww hb ba ; gto Z | ae le 
a a 


THDD. : es 142 etse a4 acca’ feiseqa Lt 
agigeisoges 2! detitostaade sia | seg am tis: 
cece cd pee eee 


3 DDT ae a wets: Mi 





es 


Assuming that the design is based on static failure 


Tig) = 1625 


Km 1.6 (Table 11-10) (29) (assuming that there is 
less rigid mounting, less accurate gear contact across full 
face, as far as characteristics of support is concerned; and 


faces wide he Onatnes dear, 1S..0.2  1nch.  ) 


HenC CNG geome Linu xe. Ox Le 25 
= ica 
6.all = Su = 220,000 = 62857 psi 
B5 Be 
Tie e — Wt V 4 
p Leta (Waiefejg Lh bSuks)) 
ee (29) 
where Wt is the load transmitted in lbs. 
V = pitch line velocity in feet per minute. 
But V = mdnj 
where d = diameter of gear, 
n, = rpm of the gear. 
From modified Lewis Eqn. 
Ll] — Wo xe 
rasa (Bon. wel —2 0) 29:) 
Where Wt = transmitted load, lbf 
aye PS gel 
p 
P = diametral pitch, i.e. teeth per inch 
ag Nl 
Stee 
Where N = No.of teeth 
dad = pitch diameter in inches. 


Le 


CiLcular pitch ian inches; 
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KVERaeevelLOCitys factor 
F = Face width in inches 
J = Geometry factor. 


LiceoaDemcrancmitteangisc 1.0. 
Referring to the Browning Catalogue, a gear of 
specification YSS840 was choSen. 
Face width of the gear = 1.5 in. 
GeaG pitch circherdvametere,ds g=y 5 an. 
R.P.M. of the gear - R.P.M. of the walking wheel 
Forward speed of machine - 132 ft/min. 
Diameter of working wheel = 32/12 = 2.66 ft. 
Circumference of walking wheel = D200) mo. Son t. 
abe Mea 32/836. aml. 75 
Hence N el rete) 


iL 


Wee) / Loe — ol Ae xeoe x LO. 7D 
12 


< 
I 


20-0 ORE C/ Min. 


Hence lL = Wt x 20.60 
33,000 


Pheretore,) Wt) lexcs,. 000720. 60 


eon Seabe 


Diametral pitch 'P' = 6 
No. of teeth 'N' = 30 


Referring to Figure 11-20 (29) and assuming that load is 
BOD LIeopacetNemtOD Ol eLhceLOOLIymeLOr 20] apLessuresangleld |— 


OR 2ihie 
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_erasends caw 0S988¥ 8 
ci &f- = sp oft 28 aabiw ober 
| “b xe otek efosle datiq 259° 


cINsk = Leasdw, paltzow %p aetotiedd~ | 
= fase pki to somes tmupat? 5 
ey al. «= eyes. = aM. q.2. 


audagantle + Siew =, ¥ 
aduaciniee. a 


Referring to Figure 11-30 (29) 


TOrsy a= 20. 60: 
Kv = 50 16850 
5 Oa a 50 + [20.60 
= 50 A 
54.538 OSHS 
Therefore, S"actual.= ~. 1601.5 9x6 
0.916% 1.5 x 0.27 


=a LO 507 26DS1 =) 25908 8psi 
whicheais less than 6285/7. psi,-the allowable stress 


Hence the assumptions in selecting the gear are correct. 


DestonwOteGnoauneNOse! o(Ref sarigure: 3))). 


Approach 
No. gCbeceoath ot ipinion pisjeeL5 
Reb MeOfsepi non) =e x lo./5 = 31.5 


Le 
Beri pheral welocity, ofmrotor 93.316. 8 .ft/min 44(132) x, 32.4) 
RAGtuSsHOMELOLOLEDL Laden —mo7 lem. c. 
Circumference of the circle described by the rotor 
Drader ev exwo 4 exeo/ eed LO et. 


Hence R.P.M. of rotor axle = B.06%.0 
A ass 


Therefore, speed multiplication desired by the sprocket chain 





= NS 


Mechanisms S067 5 leo = 92.40. 


Assumptions 
Type of load = heavy shock 


Service conditions =s abnormal 
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Theory and Calculations 
Referring to Table 15-14 (29), Load service factor 


kus for roller chain = 1.4 (choosing 10 hour-day operation). 
Maximum horsepower to be transmitted = 1.0. 
TMiesrequiredan.p-.erating. =) laxid .4\=s1-.4 


Rete MeOLethnes sprocket -— 915.75 x) 2 Syihey ay0) 


(Onethewatim 1iaryeaxte= number 1) 

Referring to the Browning Catalogue (5), for 
horsepower rating of 1.4, American Standard single strand 
roller chain, Number 80 or Number 100, may be satisfactory 
whenethne lubricationsissort Typesde(Manual@lubricator, oil 
applied periodically with brush or spout can). Because of 
space limitation, slower speed and easy commercial availability, 
a sprocket with 12 teeth, was chosen. This coincides with 
the view of Shigley (29) that 

"where space limitations are severe and speed is 

slow, smaller tooth numbers may be used by sacrificing 

the life expectancy of the chain.' 

BLOM lable mlo— 1 oa29)s tne satOOoth COLLection factor. 
corresponding to 12 tooth sprocket is 0.62. Therefore, 
(from Browning Catalogue, page 439) the corrected capacity of 
aBNUMber G0eSsing losstrandschainvates!.50 Bom Ps ogiveneby.: 

Ratedsnpeper estrands=> Le23hx 0..62.-00.762 
Similarly the capacity of a Number 100 chain is given by: 

Rated hpyper strand =92.30 x 0262 = 1.426 
Number 100 chain is capable of transmitting more than 1.4 


horsepower; hence this chain should be used. The extra capacity of 
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this chain will take care of the unpredictable horsepower 
requirement. 

Frometableg1 5-11) (29), the pitch;of Number 100 chain 
is 1.25. Using a center distance of 9 inches, the required 


length of single strand chain in pitches is given by: 





2 
U(p) se = 62G N, + N (N. - N,) 
p et eh et, (EQn Lb. 29) 
Ad x (c/p) (29) 
where C = center distance 
Ny = number of teeth in lst sprocket 
N, = number of teeth in 2nd sprocket 
Dee epitch 
(pp) y= chaing bengtnain=pitches 
Hence lap ease 2 exe . L2)cte LZ & (APE ye 
es 2 2 
AT xm 9/15.) 
= l2e"tel 2 
= 24 in. 


Selection of Sprocket 


Referring to Browning Catalogue (5) for a single strand 
chain of Number 100 the sprocket used is 100 P12, Bushing type 
being Pi: The specifications of the sprocket and bushing 


are given in Figure 38. 
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SPROCKET BUSHING 


OD ad ae Ole age. 19) Bore. = 1.25" 
PITCH = 4.83" L. = 1.937" Keyseat = 0-25x0.125" 
TYPE. = 4 ees 

T.#= 600 wires PIR 

fie = Oo Be et 

G. = 0.625" 


Figure 38- Sprocket No. 100P12; Bushing Type P. 
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A.4 Design of the Depth Control Screw 
Approach 

Square and Acme threads are used when power is to be 
transmitted (29). Lecause of easy commercial availability 


an Acme threaded power screw was used. 


Assumption 
Screw is Single threaded. Material of the screw is 


COlldmeaGravneSstee  R(ATST. 1010 )e 


Theory and Calculations 
Loade (Pr)  toebe trarsed = 1500 lbs. 
Force needed to raise the load is given by: 


ioe 1 
p =F ie + Tw u dm Sec a 


dm - usec a! 


= 
er 
00) 
im) 
0) 
2 
iH 


lead, i.e., the distance nut moves parallel 
to screw axis when the nutis given one turn 
uw = coefficient of friction between the thread 
and the nut 
dm = mean diameter of the thread 


a! = half of the thread angle which is 2a!. 


iwOLacmelOmban ces awtOoad Ot 91500 Sl bse, 
Assumed major diameter (d) of screw = 1.0 inch 
Pa CChM Gi) men. cme NC his 


Ogee 29/27 714.5 ° 
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Assumed value of np = 1.0 (Standard) 


Cite cima O/ > 8 ( 1) QP) 0/ 2). = 0.9 Inch 
Q = p (for single threaded screw) 
ss Ula taOreloe( 0290) cec. 14.25% 
FEMS Te ae Lae ORS RERTORI) (0-2) 1SecnL4rSo: 





= 1500 x gi ae Sho dee 05 


a Se C1045 a 


= 255 ° lbs. 
Torque required to raise the load is given by: 
Tee) 2 (Eqn. 7-6) (29) 
mi gantn yg Aes Woe 
= ll lbs— inch. 
Efficiency of the screw 


ouesete/ Cee Te 5 00x02 


2 ss ae x 114 


0.435 
The force 'F' is transmitted through the screw into the nut. 


Assuming a factor of safety 'n' of magnitude 4, the maximum 


ellowablemstressm tamax, jingthe screw material 9~= icy. 
an 
Where Sy = Yield strength of material 
= 44 kps; 
Therefore tmax = 44 = 5.5 kpsi = 5500 psi 
Pe 


Assuming that load is uniformly distributed over the nut height 
'h' and the screw threads would fail by shearing off on the 
minor diameter, the average screw thread shear stress is given 


by: 
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‘ * Sn (Eqn. 7.7) (29) 


Now T = Tmax 


Hence 5500 = 2 x 1500 
Bree 4 Beda (7) 


Butera) O-pe—sl.0 — 0.2 = 0.8) inch 


mnererore, an —= 95500 x BS. 14x 0.8 
3000 


= 4.576 inches 
The threads on the nut would shear off on the major diameter 


and so the average nut-thread shear stress is given by: 


Ty =e 2E 
Sas (Eqn. 72.5) ( 29) 
eee ee See 5 OO 


syle Se IL oe ea re, 


208.0 psi 


Hence if the same material, i.e. AISI 1010 cold drawn steel 
PoeeuscumeOm@ethic mnutLewithweagt.S ot 4). the nut will not. shear 
oi on the major diameter. 
So, Matermal of the nut = AISI LO0L0RC.D .molLee.. 
The bearing stress in the thread 
Oa aee de DE 
th (d¢-dr7) 


= vi, Se RISR BIGUN 
a1 se 2,696 (nee) 


= 236.46 psi. 
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This provides a large factor of safety which will take 
care of any bending (the yield strength of the material being 


44 kpsi and tensile strength being 53 kpsi). 


Awomelesi gn Oo. the Tension Spring 
Approach | 

ThetarskstOOlsisetonced into, the ground by its weight. 
Consequently standard disk plows are built with heavy frames 


and wheels (total weight of 400 to 1200 per disk blade). (2) 


Assumptions 
Total weight needed for two disks = 1500 lbs. 
Two Rene ton springs are provided. 
The selected spring material is oil tempered wire; 


gdramererm oL1 wire = 07625 anch:. 


Theory and Calculations 

Weight of disks and housing = 50 lbs. 

Weight of the frame = 450 lbs. 
Hence the weight to be provided by each tension spring on the 
disk head = 1500 - 50 - 450 = 500 lbs. (This weight is pro- 
vided by each ee spring when the disks are above the 
soil surface and not lowered into the ground). 

Referring to Figure 39, when the disks are not lowered 


into the ground, the tension in the spring is maximum and given 


by: 


Maximum tension in the spring DOU pe ieseteo 
5 


2944.0 lbs. 
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When the disk is lowered to a depth of 4.5 inches, the tension 
in the spring is minimum and is given by: 


Minimum tension = M, - M, Cos 59 


Where M- is the tension needed without draft 


il 
M, is the tension provided by the draft 
M, SUD Ex uo Op = L050 LDStt oo seo 22375 Lbs, 
el tessa hat Se as i eee 
4.5 4) 
M, Cos 5° = 1050 x 0.9962 


1040. Ibs. 


Therefore, minimum tension in the spring 

= 2237 - 1040 —Sll Oveee lbs : 

Deflected Tenoen of the spring is equal to 24 inches. 
When the spring length is 24 inches, the magnitude of the ten- 
Sile load is equal to 2944 lbs. When the spring length is 
23 inches, the magnitude of the tensile load is equal to 
Hy lbs. 

Retfewing Loetable we 439029) 

Su (ultimate tensile strength) = 165 kpsi 

Ssy (tensile yield strength) - 0.577 x 0.75 x 165 = 


=8/ 1 40K psiss (Eqn. 8-10 & 
B17) a2) 
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AY 248-7 23 
= Wels 4628/ 26) beyeimnch-. CE ones .2) (29) 
4 
oust 2 (Eqn. 8.8) (29) 
8 DN 
Where d = diameter of wire 
D = mean spring diameter 
G = rigidity modulous (of carbon steel) 
= 11.5 x 10° psi 
Neo NO- POL ECO sS 
Therefore ND? = d‘c _ (0.625)4 x 11.5 x 10° 
amok 8 (1746.72) 
= 123.45 


Let the solid height of the spring be 'u' inches 


Hence K = 2944.66 - 0.0 
24 - u 
7 i2o44nicg 
Shep Ws AS ary a 
Sn Skat 


=—ee22032 sinchies. 
Using short twisted loop at the ends, Number of coils 'N' 
is given by: 


Nee geet 32 Sel 75 


625 ES 2 2 OS 


(Assuming that 1.75 in. is the height of loops) 


Hence p? = wl 25645 


33 = eS 5124 


Therefore D = Wf ae ST aS yee: 
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Check 

Checking is done to ensure that the stress in the 
spring while it is in maximum tension is less than the 
yield strength of the material. 


Springs index, C )—a8n/7d 
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Referring to Figure 8.2 (29) 
Ks (shear stress multiplication factor) 


=e 0 


Ts = Ree 2522 (Eqn. 8.4) (29) 


Td 


where Ts is the stress developed in the spring 


USM mel. 20 UXO 2944.66 x 1.517 
Biel 4x i, PEE 
=D OO Sek OS 1a 7 Its Omsk DS) 
Factor of safety = 71.40 


Soe eed 


Hence the spring with the following dimensions will 


be suitable 


Cm O02 5 tne h, 
Dige=" Leb yPenches 
N = 33 


As OmeDeciolieot stlescCOMDLeSsiOnsoDring 
Approach 


Two compression springs have been provided (Figure 


40) in order to allow the coulter blade to move up when 
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SCraAkingean-opstruction. 


Assumptions 


The coulter is moved up toa height of 4 inches from 
its bottom position in the ground when Strikingean 
Obstruction. 

Approximate magnitude of the instantaneous force 
when the coulter strikes an obstruction = 1000 lbs. 

Spring material is oil tempered wire with the 
specification AISI 1065 and wire diameter is 0.312 inch . 

Inside diameter of the spring is such that a rod 


Ofer inch diameter can pass through the spring. 


Theory and Calculations 


Assuming that the coulter goes to a depth of 6 inches 


the cross-section area of the furrow 65x) 0% 255=) 1 59S0. inches 


Specific Draft requirement = 1.5 x 7 eis, Werks  VEweesys hes pere 
required will be higher because of the weight of the frame 
on the coulter). 

Hence, under normal conditions, each spring should be 
able to exert an opposite force of 10.5/2 = 5.25 lbs to keep 
PhescoulceLaineltSepOSiL10n . 

Referring to Figure 40, the desired solid length of 


the spring (when the coulter moves to the top while striking 


an obstruction) is 6 inches, when the spring should exert a 
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Les ex eZ 


to the normal position. When the length of the spring is 


forcesoL,( y= 333.33 lbs for the return of the spring 
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iieincnes, the fOrce exerted by the spring is 5.25 lbs. (The 
Magnitude of the free length of the spring has been assumed 


BOCORG TC mtLO convenience) 





Spring constant k = “AE = 333.33 - 5.25 
AY — 
: 11 - 6 
Oo 0 lee bS/7nch (iG Heme re eo) 
But K = ac 
3 (Eqn. 8.8) (29) 
8D N 
Where qd = diameter of wire 
D = mean spring diameter 
G = Rigidity modulus (of carbon steel) = 
11.5 x 10° psi 
N = number of coils 
Therefore ND? = atc 4 6 
“eK. = (Om 2) ve JIBS EO) ee ae) 
Cae Oo OL 
= 208.14 


If the spring has both ends squared and ground, then the 
COLdIMNG wo GECOLI Se— (NO,mOLuaCtLivescoi.sS) N) e+) (2 dead coils)e 
(Section 8.4) (29) 
US) NGmOrs 2 een h ew Ina. means that fewer than 19 number 


of coils must be used if the solid height is to be less than 


6 inches. 
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Inside diameter of the spring Dec 
ee 205 Oe 2 ol. 9935in: 
Titsm@odt saiecs tne condition: that .a rod of 1.0) ain, diameter 
can pass through the spring. 
Ssolidulengen of therspring '%s' = (N+ 2)d 
Seo eo L286 59257 in 


Springs index: AC! “=sD/d) — 92.305 
Ome 2 


KSee— eel 058 (REL. biguremo. )m (29) 


-e 2-357 


Fs = the force required to squeeze the spring solid 
and is given by: 


Fs 


(7162004) mexXMeG Deb Lom t 533.53 


342.25 lb: 
Shear stress in the spring when compressed solid 


=) 1S, > KS x. Sek seD 
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68421.694 psi 


69.42. kpsi 


Nilowablesy1elasstressminesthesspring material 
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Hence the spring with the following dimensions will hold good. 


Dit-=m 2.3058 irn. 
Gpy = 0.312% in. 
Nee =e) Ly i (number of active coiis) 


TOcalenumber Of7CO11s) =) 19. 
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APPENDIXe 14 


PERCENTAGE OF SEEDLING EMERGENCE (WHEAT) 
AT STE ENDS Ofer Bethe DAY 


: % of emergence 
Treatment Bool cate without coulter with coulter 
il 1 1O%.5 10.0 
ll 2 Tete 11.0 
ll 3 MOzO 11.0 
Dil iL 1322.0 18 0 
1 2 es 14.5 
eli 3 1 0 2 0 
31 iY L4e 5 1) 0 
31 2 T6n5 15.0 
31 3 Ta. 16.5 
12 al iz 0 Se.0 
pie) 2 GeO i 55 @ 
12 2 ies) iM a 94) 
32 1 Diss 20.0 
22 D Ze..0 24.0 
39 3 PRN ND 22 > 
32 I. ile h is) 20.5 
ay) 2) 20% .0 ILS, 0 
13 rl LiGesD Us} 540) 
23 1 19.5 19.0 
23 2 LOS 1930 
53 3 Te2.0 18.0 
38 i ate) 2053.0 
33 3 16.0 16.0 
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APPENDIX 15 
PERCENTAGE OF SEEDLING EMERGENCE (WHEAT) 


ASE DOSE GANOPMORE AGEN Mok elleh Bys Qe 


2 
Treatment Replicate s of emergence 


without coulter with coulter 
teat i 8525 BAe 
ie 2 36.0 SHSANe) 
iiak 3 352.0 BOO 
271. if BCrO 380 
24. 2 oes 0) 39:30 
At 3} Ey) S60 
Su 1 Bee) 3620 
Sab 2 402.0 397.0 
yi! 3 3950 40.0 
2 if 42.0 40.0 
2 2 Ae 45.0 
i? 2 As A ees 
22 af Bom SS) 
22 2 60.5 60.0 
22 3 Gere 64.0 
32 ik 49.0 50-5 
G2 2 SO0eo 5000 
B2 3 BOR S15 18) 
13! ik 502.0 49.0 
ils Z 48.0 50.0 
Les 3 sy 6S) 50 
223) uf 510 LH Os 
23 2 520 ete) 
23 5 5 eeu 5OL0 
ss 1 B Gnu 5oe0 
$)8) 2 SSNs |) hea 
3); 3 BideU 5an0 
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APPENDIX 16 


PERCENTAGE OF SEEDLING EMERGENCE (WHEAT) 
Ae Lute De Orme Like the DAY 


% of emergence 


Treatment SSSI TENS without coulter with coulter 
Th ih 45.5 SiO0 
ll 2 42.0 41.0 
ll 3 40.0 AZ 
o1 1 AZ a5 42.5 
51 2 4270 42.5 
41 3 41.0 42.5 
31 ih Sill 40.0 
31 a) 400 Aro 
31 3 415 41.0 
12 1 45.0 42.0 
12 3 45.5 43.0 
22 i Uo’ 1 SEO 
59 2 80.0 ake 3) 
22 2 {obe'5) 80.0 
13 2 She Silos 3) 
ne 3 62.0 GisreU 
23 3 60.0 60.0 
33 1 62.5 56.5 
33 2 5905 60.0 
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APPENDIX 17 


PERCENTAGE OF SEEDLING EMERGENCE (RAPESEED) 


THE END OF 3rd DAY 


Treatment Replicate % Emergence 
Without Coulter With Coulter 
11 L 14.0 Se Steg 
it 2 13.0 V4.5 
LE 3 14.0 i2-D 
21 18 14.5 Bhshess) 
Zn 2 1325 145 
21 3 Loe 14.5 
SL it Isai 1530 
31 Ps 5.0 1570 
31, 3 VANS L550 
2 1 es O 20.0 
1p Z Pie5 Lows 
12 3 Wes 16.5 
22 1 29.0 30.0 
22 2 29.0 29.0 
22 3) 29.0 29.0 
a 1 20.0 Tees 3) 
32 2 18.0 2020 
32 3 Los5 2025 
gs ah A Seah 18.0 
is) 7 18.0 18.0 
he) 3 ee 19.0 
23 1 24.5 23.0 
23 2 24°25 2320 
23 3 24.5 25.0 
33 af 24.0 2ae3 
S33 Z 2os0 Res 
35 3 2520 2365 
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APPENDIX 18 
PERCENTAGE OF SEEDLING EMERGENCE (RAPESEED) 


the END OF "6th DAY 


Treatment Replicate % Emergence 


Without Coulter With Coulter 
1a, al is Pde 3) 5250 
ila! 2 SIGN 6) 44.0 
aha 3 S50) 54-5 
PAL i bAz 54.0 
ZL 2 54-0 5450 
21 2) 5550 baZ0 
cue a 5950 570 
eal 2 bon 59.0 
Sill 3 40.0 520 
i ik 66.5 61.0 
12 Be 65.0 66.0 
12 3 6365 68.5 
22 1 78.0 79.0 
B40) 2 79.0 ASS) 
22 3 78.0 78.0 
SZ 1 YOAS) v.30 
oe # TERI TRAD 
Bh 5 FBS TES) 
1} a 70.0 70.0 
iS 2 LO.D FLORA) 
is 3 6/50 69.0 
23 uh 69.0 aye) 
a8) 2 69.0 69.5 
23 3 56.0 69.0 
cx) ik 65.0 65.5 
Se i 64.5 64.5 
33 3 65.0 66.0 
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APPENDIX 19 


PERCENTAGE OF SEEDLING EMERGENCE (RAPESEED) 


THE END OF 9th DAY 


Treatment Replicate % Emergence 


Without Coulter With Coulter 
* 
ah ik Was TESS) 
TE 2 W225 5220 
Th 3 66.0 (hk) 
2h 1h 7A 69.5 
21 D 7365 P25 
21 3 70.0 72eD 
35 il 82.0 S265 
oil 2} SIS iain Se 
SF 3} 44.0 82.0 
12 if J4e5 76.0 
12 2 ine TaREID 
We 3 J4a55 74.0 
22 ib 91.0 91.5 
22 2 OTe 92.0 
22 3 91.0 92.5 
32 it 85.0 87.0 
a2 2 84.0 84.5 
52 3 Soe 84.0 
13 v 80.5 80.0 
ie 2) 76.5 80.0 
es 3 76.0 80.0 
23 L 80.5 80.5 
23 2 80.0 Si5 
Zo 3 56.0 Sie 
33 L 79.0 81.0 
So 2 80.0 79.0 
33 3 1835 dao 
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APPENDIX 20 


PULL (RAPESEED PLOT) 


Treatment Replicate Pull (lbs 


without coulter Witten Coulter 


LE 2 450 350 
LE 2 400 , 350 
11 3 400 300 
21 i 450 Shey) 
21 Z 400 3150 
PAN 8 450 350 
£m 1 500 400 
31 2 550 400 
oe 3 450 350 
12 a 500 400 
ae 2 400 300 
Lz 3 400 3.50 
22 i 500 350 
ZZ 2 400 400 
Ze 5 400 350 
Bz a) 650 300 
oe 2 500 425 
oe 3 450 400 
13 ut 600 400 
188 2 550 350 
13 3 450 BG 
23 iL 650 450 
23 2 23,0 300 
DKS 3 500 400 
a3 L 650 500 
a8 2 400 400 
55 a 3:0 450 
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APPENDIX 2] 


PULL, (WHEAT PLOT) 


Pudi (ibs) 
Treatment HELLS eve = without coulter with coulter 
nal iL a0 400 
shea PD 550 550 
stak 3 450 400 
21 1 550 590 
21 2 650 400 
ay 3 600 400 
3]. i 600 400 
sul y 750 400 
31 3 550 450 
12 1 450 S50 
12 2 400 350 
12 3 450 B50 
22 1 400 S10 
92 2 400 350 
DE 3 550 300 
Bo 1 450 300 
32 2 400 300 
32 3 400 300 
13 ii 450 400 
te 2 550 400 
TS B 500 600 
23 1 500 400 
pee 2 600 400 
23 3 600 450 
a3 ui 450 B50 
aie 2) 500 300 
33 3 450 300 
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